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SEQUENCE LISTING 

<110> Galilaeus Oy 

<120> The gene cluster involved in aclacinomycin 

biosynthesis, and its use for genetic engineering 

<130> 33318 

<140> 
<141> 

<160> 16 

<170> Patentin Ver. 2.2 

<210> 1 
<211> 662 
<212> PRT 

<213> Strep tornyces galilaeus 
<400> 1 

Met Thr Glu Asp Arg Val Thr Thr Leu Gly Gly Glu Gin lie Ala Leu 
15 10 15 

Leu Ala Pro Leu Leu Asp Gly Ser Arg Asp Leu Pro Gly He Val Ala 
20 25 30 

Asp Ala Ala Pro Arg Leu Pro Ala Gly Leu Ala Glu Arg Leu Val Thr 
35 40 45 

Arg Leu Leu Asp Ala Gly Leu Leu Cys Ala Tyr Pro Gin Asp Gly Ala 
50 55 60 

Asp Arg Pro Glu Arg Ala Tyr Arg Ser Leu Thr Gly Leu Gin Ala Arg 
65 70 75 80 

Ser Ala Asp Ala Arg Asp Ala Val Leu Ala Ala Val Asp Leu Thr Gly 
85 90 95 

Asp Ala Glu Ser Pro Leu Pro Glu Ala Val Ser Ala Ala Gly Leu Arg 
100 105 110 

Ala Ala Ala Pro Gly Glu His Ala Ala Leu Thr Leu Val Leu Cys His 
115 120 125 

Asp Tyr Leu Asp Pro Arg Leu Ser Ala Leu Asp Ala Glu His Arg Ala 
130 135 140 

Thr Gly Arg Gly Trp Leu Pro Val Arg Ala Asn Gly Thr His Leu Trp 
145 150 155 160 

He Gly Pro Phe Phe Ser Ala Gly Asp Gly Pro Cys Trp Ser Cys Leu 
165 170 175 



Ala Asp Arg Leu Arg Leu Arg Arg Arg Gly Glu Ala Tyr Val Gin His 
180 185 190 



Arg Leu Gly His Ser Gly Pro Ala Val His Arg Arg Ala Tyr Leu Pro 
195 200 205 

Ala Gly Arg Ala Ala Ala Leu Gin Leu Ala Leu Leu Glu Ala Gly Lys 
210 215 220 

Trp Leu Ser Gly His Arg Asp Thr Val Gin Asp Ser Leu Trp Arg Leu 
225 230 235 240 

Asp Thr Arg Thr Leu Glu Ser Ser Arg His Pro Val Arg Arg Arg Pro 
245 250 255 

Gin Cys Ser Arg Cys Gly Asp Pro Leu Leu Val Arg Asp Arg Val Ser 
260 265 270 

Ala Pro Val Val Leu Ser Ser Arg Pro Val Arg Asp Glu Ser Gly Gly 
275 280 285 

Gly His Arg Thr Phe Gly Pro Gin Glu Met Leu Asp Arg Tyr Gly His 
290 295 300 

Leu Val Asp Pro Val Thr Gly Val Val Gly Glu lie Arg Arg Asp Pro 
305 310 315 320 

Arg Gly Pro Glu Phe Leu Asn Cys Phe Thr Arg Ser Arg Cys Arg Leu 
325 330 335 

Gly Pro Arg Ala Ala Pro Pro Ala Leu His Ser Pro Leu Arg Ser Pro 
340 345 350 

Gly Ser Gly Lys Gly Val Thr Glu Leu His Ala Arg Val Ser Ala Leu 
355 360 365 

Ala Glu Ala Leu Glu Arg Cys Ser Gly Tyr Phe Gin Gly Asp Glu Pro 
370 375 380 

Arg Arg Arg Gly Ser Tyr Arg Glu Leu Ala Gly Leu Ala Val His Pro 
385 390 395 400 

Asp Ser Val Gin Leu Phe Asp Arg Arg Gin Phe Glu Asp Arg Arg Ala 
405 410 415 

Trp Asn Arg Ala His Gly Pro Phe His Gin Val Thr Glu Pro Phe Asp 
420 425 430 

Glu Asp Ala Pro lie Asp Trp Thr Pro Val Trp Ser Leu Thr Glu Arg 
435 440 445 

Arg Gin Arg Leu Ala Pro Thr Ser Leu Leu Tyr Tyr Asn Ala Pro Asp 
450 455 460 



Ala Asp Thr Gly Phe Cys Arg Ala Thr Ser Asn Gly Ala Ala Ala Gly 
465 470 475 480 



Thr Ser Leu Glu Asp Ala Val Val His Gly Cys Leu Glu Leu Val Glu 
485 490 495 



3 



Arg Asp Ala lie 
500 

Val Thr Leu Asp 
515 

Leu Arg Asp Leu 
530 

Leu Gly lie Pro 
545 

Ala Glu Asp lie 



Ala Leu Arg Arg 
580 

Ala Gin Glu Thr 
595 

Glu Ala Met Arg 
610 

Leu Leu Pro Ala 
625 

Pro Pro Arg Asp 



Arg Arg His Gly 
660 



Ala Leu Trp Trp 



Ala Arg Asp Pro 
520 

Gly Arg Thr Val 
535 

Val Val Ala Ala 
550 

Val Leu Gly Phe 
565 

Ala Leu Thr Glu 



Ala Gly Asp Ala 
600 

Trp Phe Arg His 
615 

Ala Arg Arg Ser 
630 

Ala Ala Ala Gin 
645 

Leu Glu 



Tyr Asn Arg Thr 
505 

Trp lie Thr Arg 



Trp Ala Leu Asp 
540 

Val Ser Val Arg 
555 

Gly Ala His Phe 
570 

Leu Ser Gin Met 
585 

Ser Ala Tyr Thr 



Ala Thr Thr Ala 
620 

Ala Arg Pro Pro 
635 

Ala Gly Ala Leu 
650 



Arg Gin Pro Gly 
510 

Leu Arg Ala Val 
525 

Leu Thr Ser Asp 



Thr Gly Gly Thr 
560 

Asp Pro Arg lie 
575 

Leu Pro Pro Leu 
590 

Gly Thr Asp Pro 
605 

Asn Gin Pro Tyr 



Ala Ser Leu Arg 
640 

Val Ala Leu Leu 
655 



<210> 2 
<211> 272 
<212> PRT 

<213> Streptornyces galilaeus 
<400> 2 

Val Asp lie Trp Leu Leu Gly Pro Leu Thr Ala Glu Val Arg Gly Arg 
15 10 15 

Ser lie Val Pro Thr Ala Ala Lys Pro Arg Gin lie Leu Ala Leu Leu 
20 25 30 

Ala lie His Ala Asn Arg Val Leu Pro Val Gly Thr Leu Met Glu Glu 
35 40 45 

lie Trp Gly Thr Glu Pro Pro Gin Ser Ala Leu Ala Thr Leu His Thr 
50 55 60 

Tyr lie Leu Gin Leu Arg Arg Arg Leu Thr Ala Ala Tyr Gly Asp Glu 
65 70 75 80 



Gly Gly Val Ser Ala Lys Asp Val Leu Val Thr Gin Tyr Gly Gly Tyr 
85 90 95 
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Cys Trp Gin Ala 
100 

Leu Val Thr Ala 
115 

Ala Ser Ala His 
130 

Leu Val Asp Val 
145 

Leu Glu Glu Ser 



Leu Arg Leu Gly 
180 

Thr Gly Arg His 
195 

Ala Leu Tyr Arg 
210 

Arg Leu Arg Arg 
225 

Arg Leu Gin Arg 



Asp Ala Pro Arg 
260 



Pro Thr Asp Ser 



Gly Arg He Ala 
120 

Phe Arg Glu Ala 
135 

Arg He Gly Pro 
150 

Arg Leu Gly Val 
165 

Arg His Ala Glu 



Pro Leu His Glu 
200 

Ala Gly Arg Ser 
215 

Arg Leu Ala Glu 
230 

Leu Gin Gin Ala 
245 

Tyr Gly Gly Asp 



Val Asp Val Pro 
105 

Thr Ala Glu Asp 



Leu Ala Leu Trp 
140 

Val Leu Ser He 
155 

Leu Glu Arg Cys 
170 

Leu Leu Ala Glu 
185 

Gly Leu His Ala 



Trp Gin Ala Leu 
220 

Glu Leu Gly Leu 
235 

Val Leu Ser Ala 
250 

Pro Val Phe Asp 
265 



Arg Tyr Glu Arg 
110 

Arg Gin Glu Glu 
125 

Arg Gly Ser Ala 



Glu Val Ala Arg 
160 

Leu Glu Ala Asp 
175 

Leu Thr Glu Leu 
190 

Gin Cys Met Thr 
205 

Asp Val Tyr Gin 



Ser Pro Ser Pro 
240 

Glu Pro Trp Leu 
255 

Arg Met He Ser 
270 



<210> 3 
<211> 434 
<212> PRT 

<213> Streptomyces galilaeus 
<400> 3 

Met Thr Ser Asp Thr Lys Ala Leu Val Leu Glu Gin Val Arg Glu Tyr 
15 10 15 

His Arg Gin Gin Gin Pro Gly Asn Phe Gin Pro Gly Val Thr Pro He 
20 25 30 

Leu Ser Ser Gly Ala Val Leu Asp Glu Glu Asp Arg Val Ala Leu Val 
35 40 45 

Glu Ala Ala Leu Asp Leu Arg He Ala Ala Gly Ala His Ser Arg Arg 
50 55 60 

Phe Glu Ser Lys Phe Ala Arg His He Gly Val Arg Lys Ala His Leu 
65 70 75 80 



Val Asn Ser Gly Ser Ser Ala Asn Leu Leu Ala Leu Ser Ala Leu Thr 
85 90 95 
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Ser Pro Arg Leu Gly Glu Gin Arg Leu Arg Pro Gly Asp Glu Val lie 
100 105 110 

Thr Val Ala Gly Gly Phe Pro Thr Thr Val Asn Pro lie Leu Gin Asn 
115 ' 120 125 

Gly Leu Thr Pro Val Phe Val Asp Leu Glu Leu Gly Thr Tyr Asn Thr 
130 135 140 

Thr Val Glu His Val Arg Ala Ala lie Ser Asp Arg Thr Arg Ala lie 
145 150 155 160 

Met lie Ala His Thr Leu Gly Asn Pro Tyr Gin Val Ala Glu lie Gin 
165 170 175 

Gin Leu Ala Thr Glu His Glu Leu Phe Leu lie Glu Asp Asn Cys Asp 
180 185 190 

Ala Val Gly Ser Thr Tyr Gin Gly Arg Met Thr Gly Thr Phe Gly Asp 
195 200 205 

Leu Ala Thr Val Ser Phe Tyr Pro Ala His His lie Thr Thr Gly Glu 
210 215 220 

Gly Gly Cys Val Leu Thr Arg Asn Leu Glu Leu Ala Arg lie Val Glu 
225 230 235 240 

Ser Phe Arg Asp Trp Gly Arg Asp Cys Trp Cys Glu Pro Gly Glu Asp 
245 250 255 

Asn Thr Cys Leu Lys Arg Phe Asp Tyr Gin Leu Gly Asn Leu Pro Lys 
260 265 270 

Gly Tyr Asp His Lys Tyr lie Phe Ser His lie Gly Tyr Asn Leu Lys 
275 280 285 

Ala Thr Asp Leu Gin Gly Ala Leu Ala Leu Ser Gin Leu Asn Lys Leu 
290 295 300 

Pro Glu Phe Gly Ala Ala Arg Arg Arg Asn Trp Gin Arg Leu Arg Asp 
305 310 315 320 

Gly Leu Ala Asp Val Pro Gly Leu Leu Leu Pro Val Ala Thr Pro Gly 
325 330 335 

Ser Asp Pro Ser Trp Phe Gly Phe Val lie Thr Val Leu Pro Asp Ala 
340 345 350 

Thr Tyr Thr Arg Arg Asp Leu Val Ala Phe Leu Glu Glu Arg Arg lie 
355 360 365 

Gly Thr Arg Arg Leu Phe Gly Gly Asn Leu Thr Arg His Pro Ala Tyr 
370 375 380 



Leu Gly Thr Pro His Arg Val Ala Gly Asp Leu Arg Asn Ser Asp lie 
385 390 395 400 
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lie Thr Glu Gin Ser Phe Trp He 
405 

Glu Met Thr Asp Tyr Met Arg Glu 
420 

Asn Gly 



Gly Val Tyr Pro Gly He Thr Glu 
410 415 

Ser He Val Glu Phe Val Thr Lys 
425 430 



<210> 4 
<211> 329 
<212> PRT 

<213> Streptomyces galilaeus 
<400> 4 

Met Pro Lys Asp Thr Pro Arg Pro Val Leu Arg He Gly Val Leu Gly 
15 10 15 

Cys Ala Asp He Ala Val Arg Arg He Leu Pro Ala He Val Glu His 
20 25 30 

Pro Ser Val Arg Leu Val Ala Leu Ala Ser Arg Asp Gly Ala Arg Ala 
35 40 45 

Glu Arg Leu Ala Ala Arg Phe Gly Cys Ala Ala Val Thr Gly Tyr Lys 
50 55 60 

Ala Leu Leu Asp Arg Glu Asp He Asn Ala Val Tyr Val Pro Leu Pro 
65 70 75 80 

Pro Gly Met His His Glu Trp Val Thr Glu Ala Leu Thr Ala Gly Lys 
85 90 95 

His Val Leu Val Glu Lys Pro Leu Ser Thr Thr Tyr Ala Gin Ser Val 
100 105 110 

Asp Leu Val Ala Met Ala Gly Arg Leu Gly Leu Ala Leu Thr Glu Asn 
115 120 125 

Phe Met Phe Leu His His Ser Gin His Glu Ala Val Arg Ala Met Thr 
130 135 140 

Gly Glu He Gly Glu Leu Arg Val Phe Thr Ser Ser Phe Gly Val Pro 
145 150 155 160 

Pro Pro His Pro Ser Ser Phe Arg His Asp Ala Arg Leu Gly Gly Gly 
165 170 175 

Ala Leu Leu Asp Val Gly Val Tyr Pro Leu Arg Ala Ala Gin Leu His 
180 185 190 

Leu Ala Gly Glu Leu Asp Val Leu Gly Ala Cys Leu Arg Val Asp Glu 
195 200 205 



Ala Thr Gly Val Asp Val Ala Gly Ser Ala Leu Leu Ser Thr Ala Thr 
210 215 220 
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Gly Val Thr Ala 
225 

Val Tyr Ala Leu 



Phe Thr Pro Pro 
260 

Asp Arg Leu Thr 
275 

Ala Leu Asp Ala 
290 

Ser Leu Gly Glu 
305 

Arg Lys Ala Ala 



Gin Leu Asp Phe 
230 

Trp Gly Ser Arg 
245 

Arg Glu His Arg 



Glu Val Thr Leu 
280 

Phe Ala Ser Ala 
295 

Ala Leu Leu Arg 
310 

Arg Val Val Ser 
325 



Gly Phe Gin His 
235 

Gly Arg Leu Ser 

250 

Pro Val Val Arg 
265 

Pro Ala Asp His 



Val His Ser Glu 
300 

Gin Ala Leu Leu 
315 

Gly 



Ala Tyr Arg Ser 
240 

Val Pro Arg Ala 
255 

He Glu Gin Gin 
270 

Gin Val Gly Asn 
285 

Thr Val Arg Ala 



Val Glu Gin Val 
320 



<210> 5 
<211> 323 
<212> PRT 

<2 13 > Streptomyces ga.lilaeus 
<400> 5 

Met Arg Val Leu He Thr Gly Gly Ala Gly Phe He Gly Ser His Tyr 
15 10 15 

Val Arg Ser Leu Leu Ala Gly Thr Leu Pro Gly Pro Arg Pro Ser Arg 
20 25 30 

Val Thr Val Val Asp Leu Leu Thr Tyr Ala Gly Asp Thr Gly Asn Leu 
35 40 45 

Pro Leu Ala Asp Pro Arg Leu Asp Phe Arg Arg Leu Asp He Arg Asp 
50 55 60 

Leu Asp Ala Leu Leu Thr Val Val Pro Gly His Asp Ala Val Val His 
65 70 75 80 

Phe Ala Ala Glu Thr His Val Asp Arg Ser Leu Ser Glu Pro Ala Glu 
85 90 95 

Phe Val Arg Thr Asn Val Leu Gly Thr Gin Ser Leu Leu Glu Ala Ser 
100 105 110 

Leu Arg Gly Gly Val Gly Thr Phe Val His Val Ser Thr Asp Glu Val 
115 120 125 

Tyr Gly Ser He Ala Gin Gly Thr Trp Thr Glu Glu Ala Pro Leu Leu 
130 135 140 



Pro Asn Ser Pro Tyr Ala Ala Ser Lys Ala Gly Ser Asp Leu Val Ala 
145 150 155 160 
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Arg Ser Tyr Trp 



Ala Asn Asn Tyr 
180 

Phe Val Thr Glu 
195 

Gly Gly Asn Val 
210 

Val His Ala Val 
225 

Gly Gly Gly Thr 



Ala Leu Cys Gly 
260 

Lys Gly His Asp 
275 

Glu Leu Gly Tyr 
290 

Val Val Asp Trp 
305 

Glu Arg Val 



Arg Thr His Gly 
165 

Gly Pro Arg Gin 



Leu Leu Ala Gly 
200 

Arg Glu Trp Leu 
215 

Leu Thr Gly Gly 
230 

His Leu Thr Asn 
245 

Thr Asp Trp Ser 



Leu Arg Tyr Ala 
280 

Arg Pro Leu Arg 
295 

Tyr Arg Asp Arg 
310 



Leu Asp Val Arg 
170 

His Pro Glu Lys 
185 

Arg Pro Val Pro 



His Val Asp Asp 
220 

Arg Pro Gly Glu 
235 

Arg Glu Met Thr 
250 

Arg Val Arg Gin 
265 

Val Asp Asp Thr 



Ser Leu Asp Asp 
300 

Gin Thr His Arg 
315 



Thr Thr Arg Cys 
175 

Leu lie Pro Leu 
190 

Leu Tyr Gly Asp 
205 

His Cys Arg Ala 



lie Tyr Asn lie 
240 

Ala Lys Leu Leu 
255 

Val Pro Asp Arg 
270 

Lys lie Arg Glu 
285 

Gly Leu Arg Glu 



Pro Glu Pro Ala 
320 



<210> 6 
<211> 443 
<212> PRT 

<213> Streptomyces galllaeus 
<400> 6 

Met Arg Val Leu Leu Thr Ser Phe Ala Leu Asp Ala His Phe Asn Gly 
15 10 15 

Ser Val Pro Leu Ala Trp Ala Leu Arg Ala Ala Gly His Glu Val Arg 
20 25 30 

Val Ala Ser Gin Pro Ala Leu Thr Ala Ser lie Thr Ala Ala Gly Leu 
35 40 45 

Thr Ala Val Pro Val Gly Ala Asp Pro Arg Leu Asp Glu Met Val Lys 
50 55 60 

Gly Val Gly Asp Ala Val Leu Ser His His Ala Asp Gin Ser Leu Asp 
65 70 75 80 



Ala Asp Thr Pro Gly Gin Leu Thr Pro Ala Phe Leu Gin Gly Trp Asp 
85 90 95 
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Thr Met Met Thr Ala Thr Phe Tyr Thr Leu lie Asn Asp Asp Pro Met 
100 105 110 

Val Asp Asp Leu Val Ala Phe Ala Arg Gly Trp Glu Pro Asp Leu lie 
115 120 125 

Leu Trp Glu Pro Phe Thr Phe Ala Gly Ala Val Ala Ala Lys Val Thr 
130 135 140 

Gly Ala Ala His Ala Arg Leu Leu Ser Phe Pro Asp Leu Phe Met Ser 
145 150 155 160 

Met Arg Arg Ala Tyr Leu Ala Gin Leu Gly Ala Ala Pro Ala Gly Pro 
165 170 175 

Ala Gly Gly Asn Gly Thr Thr His Pro Asp Asp Ser Leu Gly Gin Trp 
180 185 190 

Leu Glu Trp Thr Leu Gly Arg Tyr Gly Val Pro Phe Asp Glu Glu Ala 
195 200 205 

Val Thr Gly Gin Trp Ser Val Asp Gin Val Pro Arg Ser Phe Arg Pro 
210 215 220 

Pro Ser Asp Arg Pro Val Val Gly Met Arg Tyr Val Pro Tyr Asn Gly 
225 230 235 240 

Pro Gly Pro Ala Val Val Pro Asp Trp Leu Arg Val Pro Pro Thr Arg 
245 250 255 

Pro Arg Val Cys Val Thr Leu Gly Met Thr Ala Arg Thr Ser Glu Phe 
260 265 270 

Pro Asn Ala Val Pro Val Asp Leu Val Leu Lys Ala Val Glu Gly Leu 
275 280 285 

Asp lie Glu Val Val Ala Thr Leu Asp Ala Glu Glu Arg Ala Leu Leu 
290 295 300 

Thr His Val Pro Asp Asn Val Arg Leu Val Asp His Val Pro Leu His 
305 310 315 320 

Ala Leu Leu Pro Thr Cys Ala Ala lie Val His His Gly Gly Ala Gly 
325 330 335 

Thr Trp Ser Thr Ala Leu Val Glu Gly Val Pro Gin lie Ala Met Gly 
340 345 350 

Trp lie Trp Asp Ala lie Asp Arg Ala Gin Arg Gin Gin Ala Leu Gly 
355 360 365 

Ala Gly Leu His Leu Pro Ser His Glu Val Thr Val Glu Gly Leu Arg 
370 375 380 

Gly Arg Leu Val Arg Leu Leu Asp Glu Pro Ser Phe Thr Ala Ala Ala 
385 390 395 400 
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Ala Arg Leu Arg Ala Glu Ala Glu 
405 

Val Pro Val Leu Glu Arg Leu Thr 
420 

Arg Arg Pro Gly Gly Thr Ser Pro 

435 440 



Ser Glu Pro Thr Pro Ala Gin Val 
410 415 

Ala Gin His Arg Ala Arg Glu Pro 
425 430 

Cys Val Ser 



<210> 7 
<211> 443 
<212> PRT 

<213> Streptornyces galilaeus 
<400> 7 

Val Gin Thr Gin Asn Ala Pro Glu Thr Ala Glu Asn Gin Gin Thr Asp 
15 10 15 

Ser Glu Leu Gly Arg His Leu Leu Thr Ala Arg Gly Phe His Trp lie 
20 25 30 

Tyr Gly Thr Ser Gly Asp Pro Tyr Ala Leu Thr Leu Arg Ala Glu Ser 
35 40 45 

Asp Asp Pro Ala Leu Leu Thr Arg Arg lie Arg Glu Ala Gly Thr Pro 
50 55 60 

Leu Trp Gin Ser Thr Thr Gly Ala Trp Val Thr Gly Arg His Gly Val 
65 70 75 80 

Ala Ala Glu Ala Leu Ala Asp Pro Arg Leu Ala Leu Arg His Ala Asp 
85 90 95 

Leu Pro Gly Pro Gin Arg His Val Phe Ser Asp Ala Trp Ser Asn Pro 
100 105 110 

Gin Leu Cys His lie lie Pro Leu Asp Arg Ala Phe Leu His Ala Ser 
115 120 125 

Asp Ala Asp His Thr Arg Trp Ala Arg Ser Ala Ser Ala Val Leu Gly 
130 135 140 

Ser Ala Gly Gly Ala Pro Ala Glu Gly Val Arg Glu His Ala Gly Arg 
145 150 155 160 

Val His Arg Glu Ala Ala Asp Arg Thr Gly Asp Ser Phe Asp Leu Met 
165 170 175 

Ala Asp Tyr Ser Arg Pro Val Ala Thr Glu Ala Ala Ala Glu Leu Leu 
180 185 190 

Gly Val Pro Ala Ala Gin Arg Glu Arg Phe Ala Ala Thr Cys Leu Ala 
195 200 205 



Leu Gly Val Ala Leu Asp Ala Ala Leu Cys Pro Gin Pro Leu Ala Val 
210 215 220 



Thr Arg Arg Leu Thr Glu Ala Val Glu Asp Val Arg Ala Leu Val Gly 
225 230 235 240 



Asp Leu Val Glu Ala Arg Arg Thr Gin Pro Gly Asp Asp Leu Leu Ser 
245 250 255 

Ala Val Leu His Ala Gly Ser Ser Ala Ala Ser Ala Gly Gin Asp Ala 
260 265 270 

Leu Ala Val Gly Val Leu Thr Ala Val Val Gly Val Glu Val Thr Ala 
275 280 285 

Gly Leu lie Asn Asn Thr Leu Glu Ser Leu Leu Thr Arg Pro Val Gin 
290 295 300 

Trp Ala Arg Leu Gly Glu Asn Pro Glu Leu Ala Ala Gly Ala Val Glu 
305 310 315 320 

Glu Ala Leu Arg Phe Ala Pro Pro Val Arg Leu Glu Ser Arg lie Ala 
325 330 335 

Ala Glu Asp Leu Thr Leu Gly Gly Gin Asp Leu Pro Ala Gly Ala Gin 
340 345 350 

Val Val Val His Val Gly Ala Ala Asn Arg Asp Pro Glu Ala Phe Leu 
355 360 365 

Ala Pro Asp His Phe Asp Leu Asp Arg Pro Ala Gly Gin Gly Gin Leu 
370 375 380 

Ser Leu Ser Gly Pro His Thr Ala Leu Phe Gly Ala Phe Ala Arg Leu 
385 390 395 400 

Gin Ala Glu Thr Ala Val Arg Thr Leu Arg Glu Arg Arg Pro Val Leu 
405 410 415 

Ala Pro Ala Gly Ala Val Leu Arg Arg Met Arg Ser Pro Val Leu Gly 
420 425 430 

Ala Val Leu Arg Phe Pro Leu Thr Thr Ser Ala 
435 440 



<210> 8 
<211> 267 
<212> PRT 

<213> Streptomyces g-alilaeus 
<400> 8 

Val Asn Arg Ala Ala Arg Pro Thr Val Arg Gly Met Ser Ala lie Ala 
15 10 15 

Glu Pro Thr Ala Pro Arg Gly Val lie Val Thr Gly Gly Gly Thr Gly 
20 25 30 



lie Gly Arg Ala Thr Ala His Ala Phe Ala Asp Arg Gly Asp Arg Val 
35 40 45 
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Leu Val Val Gly Arg Thr Ala Ala Thr Leu Ala Gly Thr Ala Glu Gly 
50 55 60 

His Pro Gly lie Ser Val Leu Thr Ala Asp Leu Thr Asp Pro Asp Gly 
65 70 75 80 

Pro Arg Ala lie Thr Asp Ala Ala Leu Asp Ala Leu Gly Arg lie Asp 
85 90 95 

Val Leu Val Asn Asn Ala Ala Thr Gly Gly Phe Ala Gly Leu Ala Glu 
100 105 110 

Thr Glu Pro Glu Ala Ala Arg Glu Gin Phe Asp Ser Asn Leu Leu Ala 
115 120 125 

Pro Leu Leu Leu Thr Arg Gin Thr Leu Asp Ala Leu Ser Ala Asp Gly 
130 135 140 

Gly Gly Thr Val Leu Asn lie Gly Ser Ala Gly Ala Leu Gly Arg Arg 
145 150 155 160 

Ala Trp Pro Gin Asn Gly Val Tyr Gly Ala Ala Lys Ala Gly Leu Asp 
165 170 175 

Phe Leu Thr Arg Thr Trp Ala Val Glu Leu Ala Pro Arg Gly lie Arg 
180 185 190 

Val Leu Gly Leu Ala Pro Gly Val lie Asp Thr Gly lie Gly Glu Arg 
195 200 205 

Ser Gly Met Ser Arg Glu Ala Tyr Ala Gly Phe Leu Gly Gin lie Ala 
210 215 220 

Ala Arg Val Pro Ala Gly Arg Val Gly Arg Pro Glu Asp lie Ala Trp 
225 230 235 240 

Trp Ala Val Gin Leu Ala Asp Pro Arg Ala Ala Tyr Ala Thr Gly Ala 
245 250 255 

Val Leu Ala Val Asp Gly Gly Leu Ser Leu Thr 
260 265 



<210> 9 
<211> 144 
<212> PRT 

<213> Streptomyces galil^eus 
<400> 9 

Met Thr Ala Gin Ala Pro Thr Ala Pro Ala Asp Val Tyr Ala Glu Val 
15 10 15 

Gin His Phe Tyr Ala Arg Gin Met Arg Tyr Leu Asp Ser Gly Glu Ala 
20 25 30 



Glu Thr Trp Ala Gly Thr Phe Thr Glu Asp Gly Ser Phe Ala Pro Pro 
35 40 45 
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Ser Leu Pro Glu Pro Val Arg Gly Arg Pro Leu Leu Ala Glu Gly Ala 
50 55 60 

Arg Asn Ala Ala Ala Gly Leu Ala Ala Ala Arg Glu Thr Kis Arg His 
65 70 75 80 

Trp Val Gly Met Leu Thr Val Thr Pro Ala Asp Asp Gly Ser Leu Thr 
85 90 95 

Ala Glu Ser Leu Val Ser lie Val Ala Val Ala Gin Gly Gly Pro Ala 
100 105 110 

Arg Leu His Leu Val Cys Thr Cys Arg Asp Val Leu Val Arg Glu Gly 
115 120 125 



Gly Arg Leu Leu Val Arg Glu Arg Val Val Thr Arg Asp Asp Arg Pro 
130 135 140 



<210> 10 
<211> 259 
<212> PRT 

<213> Streptornyces galilaeus 
<400> 10 

Val Arg lie lie Asp Leu Ser Ser Pro Val Asp Ala Ala Gly Phe Glu 
15 10 15 

Pro Asp Pro Val Val His Asp Val Leu Gly Pro Lys Glu Ala Ala Thr 
20 25 30 

His Met Ser Glu Glu Met Arg Glu His Phe Gly lie Asp Phe Asp Pro 
35 40 45 

Ala Glu Leu Pro Glu Gly Glu Phe Leu Ser Leu Asp Arg Leu Gin Leu 
50 55 60 

Thr Thr His Thr Gly Thr His Val Asp Ala Pro Ser His Tyr Gly Thr 
65 70 75 80 

Arg Ala Ala Tyr Arg Asp Gly Pro Pro Arg His lie Asp Glu Met Pro 
85 90 95 

Leu Asp Trp Phe Phe Arg Pro Ala Val Val Leu Asp Leu Ser Asp Gin 
100 105 110 

Gly Thr Gly Ala Val Gly Ala Asp Val Leu Arg Arg Glu Met Asp Arg 
115 120 125 

lie Gly His Thr Pro Ser Pro Met Asp lie Val Leu Leu Arg Thr Gly 
130 135 140 

Ala Asp Ala Trp Ala Gly Thr Pro Lys Tyr Phe Thr Asp Phe Thr Gly 
145 150 155 160 



Leu Asp Gly Ser Ala Val His Leu Leu Leu Asp Leu Gly Val Arg Val 
165 170 175 
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lie Gly Thr Asp 
180 

Thr Arg Tyr Arg 
195 

Val lie Gly Arg 
210 

Leu Asp Arg Leu 
225 

Val Arg lie Ala 



Ala Phe Ser Leu 



Ala Thr Gly Asp 
200 

Asp Arg Glu Tyr 
215 

Pro Ala Ala His 
230 

Gly Ala Gly Ala 
245 



Asp Ala Pro Phe 
185 

Pro Ser Val Leu 



Cys Gin Val Glu 
220 

Gly Phe Arg Val 
235 

Gly Trp Thr Arg 
250 



Gly Asp lie lie 
190 

Trp Pro Ala His 
205 

Arg Leu Ala Gly 



Ala Cys Phe Pro 
240 

Ala Val Ala Leu 
255 



Val Asp Glu 



<210> 11 
<211> 238 
<212> PRT 

<213> Streptornyces galilaeus 
<400> 11 

Met Tyr Gly Arg Glu Leu Ala Asp Val Tyr Glu Ala lie Tyr Arg Ser 
15 10 15 

Arg Gly Lys Asp Trp Gly Gin Glu Ala Ala Asp Val Ser Arg lie lie 
20 25 30 

Thr Glu Arg Arg Pro Gly Ala Gly Ser Leu Leu Asp Val Ala Cys Gly 
35 40 45 

Thr Gly Ala His Leu Ser Val Phe Ser Thr Leu Phe Glu Val Ala Glu 
50 55 60 

Gly Leu Glu lie Ala Glu Pro Met Arg Arg Leu Ala Glu Gin Arg Leu 
65 70 75 80 

Pro Gly Thr Thr Val His Ala Gly Asp Met Arg Asp Phe Arg Leu Pro 
85 90 95 

Arg Thr Tyr Asp Ala Val Ser Cys Met Phe Cys Ala lie Gly Tyr Leu 
100 105 110 

Glu Thr Leu Asp Asp Met Arg Ala Ala Val Arg Ser Met Ala Ala His 
115 120 125 

Leu Glu Pro Gly Gly Val Leu Val Val Glu Pro Trp Trp Phe Pro Glu 
130 135 140 

Asn Phe He Glu Gly Tyr Val Ala Gly Asp Leu Ala Arg Glu Glu His 
145 150 155 160 



Arg Thr He Ala Arg He Ser His Thr Thr Arg Lys Gly Arg Ala Thr 
165 170 175 
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Arg Met Glu Val Arg Phe Thr Val Gly Asp Ala Ala Gly lie Gin Gin 

180 185 190 

Phe Thr Glu lie Asp Val Leu Thr Leu Phe Thr Arg Asp Glu Tyr Thr 

195 200 205 



Ala Ala Phe Thr Asp Ala Gly Cys Ser Val Glu Phe Leu Glu Asp Gly 



215 



220 



Pro Thr Gly Arg Gly Leu Phe Val Gly Val Arg Glu Gin Arg 
225 230 235 



<210> 12 
<211> 291 
<212> PRT 

<213> Streptoniyces ga.lila.eus 
<400> 12 

Met Lys Gly lie lie Leu Ala Gly Gly Ser Gly Thr Arg Leu His Pro 
15 10 15 

lie Thr Val Ser Val Ser Lys Gin Leu Leu Pro Val Gly Asp Lys Pro 
20 25 30 

Met lie Tyr Tyr Pro Leu Ser Val Leu Met Leu Ala Asp lie Arg Glu 
35 40 45 

lie Leu Leu lie Cys Thr Glu Arg Asp Leu Glu Gin Phe Arg Arg Leu 
50 55 60 

Leu Gly Asp Gly Ser Gin Leu Gly Leu Arg lie Asp Tyr Ala Val Gin 
65 70 75 80 

Asn Arg Pro Ala Gly Leu Ala Asp Ala Phe Val lie Gly Ala Asp His 
85 90 95 

Val Gly Asp Asp Asp Val Ala Leu Val Leu Gly Asp Asn lie Phe His 
100 105 110 

Gly His His Phe Tyr Asp Leu Leu Gin Ser Asn Val His Asp Val Gin 
115 120 125 

Gly Cys Val Leu Phe Gly Tyr Pro Val Glu Asp Pro Glu Arg Tyr Gly 
130 135 140 

Val Gly Glu Thr Asp Ala Ser Gly Gin Leu Val Ser Leu Glu Glu Lys 
145 150 155 160 

Pro Leu Arg Pro Arg Ser Asp Leu Ala lie Thr Gly Leu Tyr Leu Tyr 
165 170 175 

Asp Asn Glu Val Val Asp lie Ala Lys Asn Leu Arg Pro Ser Pro Arg 
180 185 190 



Gly Glu Leu Glu lie Thr Asp Val Asn Arg Asn Tyr Leu Ala Arg Gly 
195 200 205 
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Arg Ala Arg Leu Val 
210 

Giy Thr Pro Glu Ser 
225 

Glu Glu Arg Gin Gly 
245 

Arg Met Gly Phe lie 
260 

Met Ser Gin Ser Gly 
275 



Asp Leu Gly Arg Gly Phe 
215 

Leu Leu Gin Ala Thr Gin 

230 235 

Val Arg He Ala Cys Val 
250 

Asp Ala Asp Met Cys His 
265 

Tyr Gly Arg Tyr Val Met 
280 



Ala Trp Leu Asp Ala 
220 

Tyr Val Arg Thr Leu 
240 

Glu Glu Val Ala Leu 
255 

Arg Leu Gly Glu Gin 
270 

Ala Val Ala Arg Glu 
285 



Phe Ser Gly 
290 



<210> 13 
<211> 341 
<212> PRT 

<213> Streptowyces galilaeus 
<400> 13 

Met Thr Thr Leu Val Trp Asp Tyr Leu Gin Glu Tyr Glu Asn Glu Arg 
15 10 15 

Ala Asp He Leu Asp Ala Val Glu Thr Val Phe Ser Ser Gly Arg Leu 
20 25 30 

Val Leu Gly Asp Ser Val Arg Gly Phe Glu Glu Glu Phe Ala Ala Tyr 
35 40 45 

His Gly Ala Ala His Cys Val Gly Val Asp Asn Gly Thr Asn Ala He 
50 55 60 

Lys Leu Ala Leu Gin Ala Leu Gly Val Gly Pro Gly Asp Glu Val Val 
65 70 75 80 

Thr Val Ser Asn Thr Ala Ala Pro Thr Val Val Ala He Asp Ser Val 
85 90 95 

Gly Ala Thr Pro Val Phe Val Asp Val His Pro Asp Ser Tyr Leu Met 
100 105 110 

Asp Thr Glu Gin Val Glu Ala Ala Leu Thr Pro Arg Thr Arg Cys Leu 
115 120 125 

Leu Pro Val His Leu Tyr Gly Gin Cys Val Asp Leu Ala Pro Leu Glu 
130 135 140 

Arg Leu Ala Ala Glu His Asp Leu Phe Leu Val Glu Asp Cys Ala Gin 
145 150 155 160 



Ala His Gly Ala Arg Arg Ala Gly Arg Leu Ala Gly Thr Thr Gly Asp 
165 170 175 
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Ala Ala Ala Phe 
180 

Asp Gly Gly Ala 
195 

Arg Arg Leu Arg 
210 

Thr Pro Gly His 
225 

Arg Arg Lys Leu 



Val Ala Arg Arg 
260 

Pro His Thr Val 
275 

Arg His Pro Arg 
290 

lie Glu Leu Asn 
305 

Phe Ala His Leu 



Leu Ala Gly Gin 
340 



Ser Phe Tyr Pro 



Val Val Thr Ser 
200 

Tyr Tyr Gly Met 
215 

Asn Ala Arg Leu 
230 

Arg Arg Leu Asp 
245 

Tyr Glu Asp Gly 



Pro Gly Asn Glu 
280 

Arg Asp Asp lie 
295 

lie Ser Tyr Pro 
310 

Gly Tyr Gly Lys 
325 

He 



Thr Lys Val Leu 
185 

Arg Asp Asp Thr 



Glu Glu Arg Tyr 
220 

Asp Glu Val Gin 
. 235 

Thr Tyr He Glu 
250 

Leu Gly Asp Thr 
265 

His Val Tyr Tyr 



He Lys Ala Leu 
300 

Trp Pro Val His 
315 

Gly Ser Leu Pro 
330 



Gly Ala Tyr Gly 
190 

His Arg Ala Leu 
205 

Tyr Val Val Gly 



Ala Glu He Leu 
240 

Gly Arg Arg Ala 
255 

Gly Leu Val Leu 
270 

Val Tyr Thr Val 
285 

Lys Ala Tyr Asp 



Thr Met Ser Gly 
320 

Val Thr Glu Asp 
335 



<210> 14 
<211> 14806 
<212> DNA 

<213> Streptornyces g-alilaeus 
<400> 14 

ctcgaggccg tgccggcgca gcagggcgac gagggccccg gcctgtgccg cggcgtcgcg 60 
gggaggccgc agcgaggcag ggggccgggc ggaccggcgc gccgcgggca ggagatacgg 120 
ctggtttgcc gtggtggcgt gccggaacca gcgcatggcc tcggggtccg tgccggtgta 180 
cgcggaggcg tcgccggccg tctcctgcgc caacggcggg agcatctggc tgagttcggt 240 
gagagcccgg cgcagggcga tacgcggatc gaagtgcgcg ccgaagccca gcacgatgtc 300 
ctcggcggtg ccgcccgtcc gcaccgacac ggcggcgacc acgggaatgc cgagatcgga 360 
cgtgaggtcg agggcccaca ccgtcctgcc cagatcgcgc aggacggccc ggagccgcgt 420 
gatccacgga tcccgcgcgt ccagggtcac gccgggctgg cgcgtgcggt tgtaccacca 480 
cagggcgatc gcgtcccgtt ccacgagttc caggcagccg tgcacgacgg cgtcctccag 540 
gctcgttccg gcggcggctc cgttggacgt ggcccggcag aagccagtgt ccgcgtccgg 600 
ggcgttgtag tagagcagac tcgtgggcgc gagccgctgc cgccgctcgg tcagtgacca 660 
gacgggggtc cagtcgatcg gggcgtcctc gtcgaagggc tcggtcacct ggtggaaggg 720 
accgtgcgcg cggttccacg cccgccggtc ctcgaactgt ctgcggtcga agagctggac 780 
gctgtccgga tgcacggcga gaccggccag ctcgcggtaa ctgccgcgcc ggcgcggttc 84 0 
gtcgccctgg aagtagccgc tgcaccgctc cagcgcctcg gccagcgcgc tgaccctggc 900 
gtggagttcg gtgacgccct tgccggatcc cgggctgcgc agcggggagt ggagcgccgg 960 
cggtgcagcg cggggtccca gacggcagcg cgaccgcgtg aagcagttga ggaactccgg 1020 
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tccgcgcgga tcccggcgga tctcgccgac 
gtagcggtcc agcatctcct gcggaccgaa 
caccggccgg gaggacagca ccacgggtgc 
gccgcagcgg gagcactgcg ggcggcgccg 
ggtgtccagg cgccagaggc tgtcctgcac 
ggcttccagc agggccagtt gcagggccgc 
gtgcacggcc ggaccgctgt gccccagccg 
cagccggagc cggtccgcca gacagcccca 
gccgatccac aggtgggtgc cgttggcccg 
gtgctccgcg tccagggcac tcagccgcgg 
cagagcggcg tgctcgcccg gtgccgcggc 
cagcggggat tccgcgtcac cggtgaggtc 
ggcggaccgc gcctgaagac cggtgaggga 
gtcctgggga taggcgcaca gcagtcccgc 
gagtccggcc ggcagccggg gtgccgcgtc 
gtcgagcagc ggggccagca gggcgatctg 
ggtcatcagg tagacgggct ctcccggccg 
cagccggggg agcccgttgc caggggccgt 
gtggccgacg gggtgctgga aaggggagcc 
tccccgggac cgttgccgaa ctccgtgatg 
gcgtcacctt ccaggagggg cgtgatccgt 
gctgctgtga gtagtgctct ggccctggtt 
ccgtcagggc ggctgccagt gcgtctggca 
acatacgttc ctcatgtgcc tgttcgggtt 
gcaagactcc ctgagcatgg agctcttcgc 
acgtggacat atggttgctg ggaccgctga 
ccaccgcggc gaaaccccga cagatcctcg 
tgcccgtcgg gaccctgatg gaggagatct 
ccaccctgca cacgtacatc ctccagctgc 
^999999^9^ gtccgccaag gacgtcctcg 
cgcccacgga ctccgtggac gtaccgcgct 
ccaccgccga ggaccgccag gaggaggcgt 
ggcgggggtc cgcgctggtg gacgtgcgga 
ggctggagga gagcaggctc ggcgtgctgg 
gacgccacgc ggagctgctg gccgaactca 
agggcctgca cgcccagtgc atgacggcgc 
tggacgtcta ccagaggctg cgccgccggc 
cgcgcctgca gcgtctgcag caggcggtgc 
ggtacggagg ggacccggtg ttcgaccgga 
gttcttggtg acgaactcga cgatggactc 
gcccggatac accccgatcc agaagctctg 
gcccgccacc cggtgcggcg tgccgaggta 
cagccgccgt gtgccgatcc gccgttcctc 
ggtggcgtcg ggcaggaccg tgatcacgaa 
cgcgaccggc agcagcagac cggggacgtc 
gcgccgccgg gccgcgccga actccggcag 
ttgcagatcg gtcgccttca ggttgtaacc 
gcccttgggg agattaccca gctggtagtc 
cggttcgcac cagcagtccc ggccccagtc 
gaggttgcgg gtcagtacgc agcccccctc 
actgaccgtt gccaggtccc cgaaggtccc 
cgcgtcgcag ttgtcctcga tcaggaacag 
cgccacctgg taggggttgc cgagggtgtg 
gatcgccgcc cgcacgtgct ccaccgttgt 
cacgggcgtc agcccgttct ggaggatcgg 
cgtgatcacc tcgtcacccg gacgcagccg 
agagagcgcc agcaggttcg ccgaggaccc 



aacgccggtg acggggtcca cgagatggcc 1080 
cgtgcggtga ccaccgccgc tctcgtcccg 1140 
cgagacccgg tcgcgtacca gcagcggatc 1200 
cacgggatgg cgactgctct ccagcgtgcg 1260 
cgtgtcgcgg tgtccggaga gccactttcc 1320 
ggcacgcccc gcgggcaggt aggcccgccg 1380 
gtgctgcacg tacgcctcac cgcgccggcg 1440 
gcaggggccg tcgccggcgg agaagaacgg 1500 
gacgggcagc cagccgcgtc ccgtcgcgcg 1560 
gtcgaggtag tcgtgacaga gcaccagggt 1620 
gcgcagcccc gccgcggaca cggcctcggg 1680 
gaccgcggcc aggaccgcgt cccgcgcgtc 1740 
ccggtaggcc cgttcggggc ggtcggcccc 18 00 
gtccagcagc cgggtcacga gccgctcggc 1860 
ggcgacgatg cccggcagat cgcggctgcc 1920 
ctccccgccc agcgtggtca cccggtcctc 1980 
cgactcgacc cgcagatgcg gtgcgaaccc 2040 
acggctcatc gagacgcagg gccgccgacc 2100 
cagcagatac agatcgcgct gtccgcgtgc 2160 
acgagatcgt cggcgaactc ggcggctgcc 2220 
gacatgtgtg ctccttgtcg ctgtcggccg 2280 
cgagctgtgc actgccgtca tccttacggc 2340 
taccgtgcct atgaggttta cacatcttgc 2400 
cagggcactg gttgattgcc gaagtggcca 2460 
ggtgctccgt cgaccagatg ggggagaaga 2520 
cggccgaggt gcggggcagg tcgatcgtgc 2580 
ccctgctcgc catccacgcc aatcgcgtcc 2640 
ggggcaccga gccgccccag agcgccctcg 2700 
gccgccggct gaccgctgcc tacggtgacg 2760 
tcacccagta cggcggctac tgctggcagg 2820 
acgaacggct cgtcaccgcc ggacggatcg 2880 
cggcccactt ccgtgaggca ctcgcgctct 2940 
tcggaccggt cctgagcatc gaggtggcgc 3000 
agcgctgcct ggaggcggac ctgaggctgg 3 06 0 
ccgaactcac cgggcgccat ccgctgcacg 3120 
tgtaccgggc gggccgctcc tggcaggcgc 318 0 
tggcggagga actcggactc tccccgtcgc 324 0 
tctcggcgga gccctggctg gacgcgccca 3300 
tgatcagctg accgtcccgg cggctcagcc 3360 
ccgcatgtag tcggtcatct cctccgtgat 3420 
ctcggtgatg atgtcggagt tgcgcagatc 3480 
cgccggatgg cgggtgaggt tgccgccgaa 3 54 0 
caggaaggcg accaggtcac ggcgggtgta 36 00 
cccgaaccag ctgggatcgc tgcccggtgt 3660 
ggcgagcccg tcccgcagcc gctgccagtt 3720 
cttgttcaac tggctgagtg ccagcgcccc 3780 
gatgtgggag aagatgtact tgtggtcgta 384 0 
gaaccgcttg aggcaggtgt tgtcctcgcc 3900 
gcggaacgac tcgacgatgc gggccagttc 3960 
gcccgtggtg atgtggtggg caggatagaa 4 02 0 
cgtcatacgt ccctggtagg tcgagcccac 4080 
ctcgtgctcg gtggccagtt gctggatctc 4140 
cgcgatcatg atggcccggg tccggtccga 4200 
gttgtacgta ccgagttcca ggtccacgaa 4260 
gttcaccgtg gtggggaatc cgccggccac 4320 
ctgctcaccg agccggggag aggtcagcgc 4380 
cgagttcacc aggtgcgcct tgcgtacgcc 4440 



gatgtggcgg gcgaatttgc tctcgaagcg ccgggagtgg gctccggccg cgatccgcag 4500 
atccagggcg gcctccacca gggcgacccg gtcctcctcg tccaggacgg cgcccgagga 4560 
gaggatgggc gtcactccgg gctggaaatt ccctggctgc tgctgccggt gatactcgcg 4620 
aacctgctcc aggaccagag ccttggtgtc cgacgtcata gccgtccctc cgtaaggatt 4680 
gcctcgccga ccatgctggc ccggatcggt cgaggagccg tggagtcccg gccgaaggcc 4740 
ctgccccagt gggcttcaag gggccttcga cctgccgtgg ctagcgtgtc cggcgacgca 4800 
tcgaactggt gaggtggcag atgccgaagg acactccacg gcccgtactc cgcatcgggg 4860 
ttctgggctg tgccgatatc gcggtgcgcc ggatcctgcc cgcgatcgtg gagcatccgt 4 920 
cggtccggct ggtcgctctg gcgagccggg acggggcgcg cgccgaacgg ctcgcggccc 4 980 
gtttcggatg cgcggcggtg accggctaca aggcgctgct ggaccgtgag gacatcaacg 5040 
ccgtctacgt tcccctgccg cccggcatgc accacgaatg ggtcaccgaa gcgctgacgg 5100 
cgggcaagca cgtgctggtg gagaagccgc tcagcacgac gtacgcgcag agcgtcgacc 5160 
tggtiggcgat ggccggccgg ctcggcctcg cgcccaccga gaacttcatg ttcctgcacc 5220 
actcgcagca cgaggcggtc cgggccatga ccggcgagat cggggaactg cgggtcttca 5280 
ccagttcctt cggcgtgccg ccgccccacc cctcgtcctt ccggcacgac gcgcggctcg 5340 
gcggcggcgc cctgctggac gtcggtgtct atccgctgcg cgcggcccag ctccacctcg 54 00 
ccggggaact cgacgtgctg ggcgcctgtc tgcgcgtgga cgaggcgacc ggcgtcgacg 5460 
tcgcgggaag cgcgctgctg tccacggcga cgggtgtgac cgcgcagctc gacttcggct 5520 
tccagcacgc gtaccggtcc gtgtacgcgc tgtggggcag ccgcggcagg ctgagcgtgc 5580 
cgcgggcctt caccccgccc cgtgagcacc gcccggtggt ccgtatcgaa cagcaggacc 5640 
gtctcaccga agtgacgctg cccgccgatc accaggtggg caacgcgctc gacgcgttcg 5700 
cctcggcggt gcactcggag accgtccgtg cctccctggg ggaggcgctg ctgcgtcagg 5760 
cgctcctggt cgagcaggta cgcaaagccg cgcgggtcgt cagcggctga gccccccgga 5820 
cgctttgcgg gcgcctgacg cccgcacgac gagagnnnnn nnnnnnnnnn nnnnngggct 58 8 0 
ctcctcacac tcctcgcggt cgcgccccgc cggggcggct cagacccgct cggccggttc 5940 
cggccggtgg gtctgccggt cgcggtacca gtcgacgacc tcgcgcagac cgtcgtccag 6000 
ggaccgcagc ggccggtagc cgagttcttc gcggatcttc gtgtcgtcca ccgcgtaccg 6060 
caggtcgtgg cccttgcggt cgggcacctg gcggaccctg gaccagtcgg tgccgcacag 6120 
cgcgagcagc ttggccgtca tctcacggtt cgtcagatgg gtaccgccgc cgatgttgta 6180 
gatctcgccg ggccggccac cggtcagcac cgcgtggacg gcccggcagt ggtcgtccac 6240 
gtgcagccat tccctgacgt tgcctccgtc gccgtacagc ggcaccggcc ggccggccag 6300 
cagttcggtg acgaacagcg ggatgagctt ctccgggtgc tgacgggggc cgtagttgtt 6360 
ggcgcagcgg gtcgtgcgca catcgaggcc gtgggtgcgc cagtaggacc gtgcgaccag 6420 
gtcgcttccc gccttcgagg ccgcgtaggg ggagttgggg agcagcggcg cctcctccgt 648 0 
ccaggtgccc tgcgcgatcg atccgtagac ctcgtccgtg gagacgtgca cgaacgtgcc 654 0 
gaccccgccg cgcaggctcg cctccagcag cgactgggtg cccagtacgt tggtgcggac 6600 
gaactccgcc ggctcgctca gcgaacggtc gacatgggtc tcggccgcga agtgtacgac 6660 
cgcgtcgtgg ccggggacca ccgtcagcag cgcgtccagg tcgcggatgt cgagccggcg 6720 
gaagtccagc cggggatcgg ccaggggcag attgccggtg tctcccgcgt acgtgagcag 6780 
gtcgacgacg gtgacccggc tcgggcgggg accgggcagg gtccccgcca gcagggaacg 684 0 
gacgtagtgg gatccgatga aaccggcgcc gccggtgatc aggacacgca tggcgacgta 6 900 
cctccggggc gtcggggttc acgggcgcgg tgctgggcgg tcagccgttc cagtacgggg 6 96 0 
acgacctgcg ccggggtcgg ttcggactcg gcctcggccc gcaggcgggc ggccgccgcg 7020 
gtgaacgagg gctcgtcgag gagccggacg agcctgccgc gcagtccctc caccgtcacc 7080 
tcgtgcgagg ggagatggag gcccgcgccg agtgcctgct gacgctgcgc gcggtcgatc 714 0 
gcgtcccaga tccagcccat ggcgatctgc ggcacaccct cgaccagcgc cgtcgaccag 7200 
gtgccggcgc cgccgtggtg gacgatggcc gcgcaggtcg gcagcagcgc gtgcagcggc 726 0 
acatggtcca ccagacgcac attgtcgggg acatgggtca gcagtgcccg ttcctcggcg 7320 
tcgagggtgg cgaccacctc gatgtccagc ccctcgaccg ccttgaggac gaggtcgacc 7380 
gggacggcgt tggggaactc cgaggtccgg gccgtcatgc ccagggtgac gcagacgcgg 744 0 
gggcgggtcg gcgggacgcg cagccagtcg ggtacgacgg caggccccgg cccgttgtag 7500 
gggacgtagc gcatgcccac gaccgggcgg tccgacggcg ggcggaagct gcgcggcacc 756 0 
tggtccaccg accactgtcc cgtcaccgcc tcctcgtcga aggggacgcc gtagcggccg 7620 
agcgtccact ccagccactg gccgagtgag tcgtcggggt gcgccgtccc gttccccccg 7680 
gccgggcccg ccggggcggc gccgagctgg gcgaggtagg cccgccgcat ggacatgaag 774 0 
aggtccggaa aggacagcag ccgggcgtgg gccgcgccgg tcaccttcgc ggccaccgcg 7800 
ccggcgaagg tgaacggctc ccacaggatc aggtccggtt cccagccgcg ggcgaacgcg 7860 
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acgaggtcgt cgaccatcgg atcgtcgttg atcagggtgt agaaggtggc ggtcatcatc 7920 
gtgtcccagc cctggagaaa ggccggggtg agctgtccgg gggtgtcggc gtcgagcgac 798 0 
tggtcggcgt ggtgggacag cacagcgtcg cccacgccct tgaccatctc gtccagccgg 8040 
gggtccgcgc ccaccggcac ggcggtcagc ccggccgccg tgatgctcgc cgtcagcgcg 8 100 
ggctggctcg ccacccgcac ctcgtgcccg gcggcccgca acgcccaggc cagcggcacg 816 0 
gacccgttga agcgagcgtc cagcgcgaag gatgtcagga gaacccgcat ggtcggtcct 8220 
ttctctgcgg ctcggctttc ggcggctcgc aactcgggcc gcggcacgcc gggccccggc 8280 
gtgccgtcac gcggaggtgg tcagggggaa gcgcagcacc gcgcccagca cgggggaacg 834 0 
catccgccgc aggaccgcgc cggccggcgc gagcacgggc cggcgctccc gcagcgtgcg 8400 
gaccgcggtc tccgcctgga gccgggcgaa cgccccgaag agcgcggtgt gcgggccgga 84 6 0 
gagcgacaac tgcccctgcc cggcgggacg gtcgaggtcg aagtggtccg gggccaggaa 8520 
cgcctcgggg tcccggttcg ccgcaccgac atggacgacg acctgggcgc cggccgggag 8580 
gtcctggccg cccagggtga ggtcctcggc ggcgatacgg ctctccagcc gcaccggcgg 8640 
cgcgaagcgc agtgcctcct ccacggcgcc ggccgcgagt tcagggttct cgccgagccg 8700 
cgcccactgc acgggacggg tgagcagcga ctccagggtg ttgttgatga gcccggcggt 8760 
gacctcgacg ccgaccacgg cggtcagcac acccacggcg agcgcgtcct gcccggcgga 8820 
ggcggcggag gagccggcgt gcagcaccgc gctgagcagg tcgtcacccg gctgcgtccg 8880 
ccgcgcctcg acgaggtcgc cgacgagggc ccgtacgtcc tcgacggcct cggtgagccg 8940 
gcgggtcacg gcgagcggct gggggcagag cgcggcgtcg agggcgacac cgagggcgag 9000 
gcacgtcgcc gcgaagcgtt cccgctgggc ggcggggaca ccgagcagct ccgcggcggc 9060 
ctccgtggcc accgggcggg agtagtccgc catgaggtcg aagctgtccc cggtacggtc 9120 
ggcggcctcc cggtgcacgc gcccggcgtg ctcgcggaca ccctccgccg gggcgccgcc 9180 
cgcactgccc aggacggcgg aggcggaccg cgcccagcgc gtgtggtcgg cgtccgacgc 924 0 
gtggaggaag gcccggtcca gcgggatgat gtggcacagc tgcggattgc tccaggcgtc 9300 
ggagaagacg tgccgctgcg ggcccggcag gtcggcgtgg cgcagggcga gccggggatc 93 6 0 
ggccagggcc tcggcggcga cgccgtgccg gccggtgacc caggcgccgg tggtgctctg 942 0 
ccacagcggc gtcccggctt cccgtatccg gcgggtcagc agcgcggggt cgtcgctctc 948 0 
ggcgcgcagg gtcagggcgt acgggtcgcc gctggtgccg tagatccagt ggaagccgcg 954 0 
ggcggtcagg agatgacggc ccagttcgct gtcggtctgc tggttctccg ccgtctccgg 9600 
cgcgttctgt gtctgcacgg cagtctcctt cgggacgtgg ttcaggtgag ggacagaccg 9660 
ccgtcgaccg cgagcaccgc tccggtcgcg taagcggcgc gcgggtcggc cagctggacg 9720 
gcccaccagg cgatgtcctc gggccggccg acccggccgg ccgggacgcg ggcggcgatc 9780 
tgcccgagga agcccgcgta ggcctcccgt gacatgcccg agcgttcacc gatgccggtg 9840 
tcgatcacgc cgggcgccag gccgaggaca cggatgccgc ggggtgccag ttcgacggcc 9900 
caggtccggg tgaggaagtc gagcccggcc ttggcggcgc cgtagacacc gttctgcggc 9960 
caggcccggc ggcccagagc tccggccgag ccgatgttca gcacggttcc cccgccgtcg 10020 
gccgacaggg cgtccagggt ctgccgggtg agcagcagcg gggccaggag gttgctgtcg 10080 
aactgctcgc gggcggcctc cggctcggtc tccgccaggc cggcgaaccc accggtggcc 10140 
gcgttgttca cgaggacgtc gatacggccc aacgcgtcca gcgccgcgtc ggtgatggcg 10200 
cgcggaccgt ccggatcggt gagatcggcg gtcaggacac tgatgccggg gtggccctcg 1026 0 
gcggtcccgg ccagggtcgc ggcggtgcgg cctacgacga gtacccggtc gccgcggtcg 10320 
gcgaaggcgt gggccgtggc ccgcccgatc ccggtcccgc cgccggtgac gatcacgccc 10380 
cgcggcgctg tcggttctgc tatggcgctc atgccccgga ccgtaggccg ggccgctcga 10440 
ttcacggtcg actcccgctc ggccgcggcc tcagggccgg tcgtcacggg tcaccacgcg 10500 
ttcccggacc aggagccggc cgccctcccg gaccaggacg tcccggcagg tgcagaccag 10560 
gtgcagccgg gcggggccgc cctgcgcgac ggcgacgatc gagaccaggc tctcggcggt 10620 
cagcgagccg tcgtccgcgg gggtgacggt gagcatgccg acccagtggc ggtgcgtctc 10680 
gcgggcggcg gccagacccg ccgcggcgtt gcgggcaccc tcggcgagca gcgggcgtcc 10740 
gcgtaccggc tccgggagcg agggcggtgc gaaggagccg tcctcggtga aggtgccggc 108 00 
ccaggtctcg gcctcgcccg agtccaggta ccgcatctgc cgtgcgtaga aatgctgtac 10860 
ctcggcgtag acgtccgccg gggccgtcgg tgcctgtgct gtcatgccgt gtcacctttc 10920 
gccgttcccg cgtcggggac gggtgcgtgc ccgggtcccc ggtgagtgtc acgacggtcg 10980 
cagcgcgact ccaggatcgg tcgagcgggg ggcgggcgga tgcgctggcg gctgttcagt 11040 
cagcctccaa cgcttctcaa gccgcgctgg tgagcatggg ctggctcgca ggaacccatc 11100 
gccgggaggc gcgtgtgcgc atcatcgacc tgtcctcacc cgtggacgcg gcgggttttg 11160 
aacctgatcc cgtcgtgcac gacgttctcg gtccgaagga ggccgccacg cacatgagcg 11220 
aggagatgcg tgagcacttc ggcatcgact tcgatccggc ggaactgccg gagggcgaat 11280 
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tcctctcgct cgaccgtctc cagctgacca cccacaccgg aacccatgtc gacgcgccct 11340 
cgcactacgg cacgcgcgcc gcgtaccggg acggtccgcc gcggcacatc gacgagatgc 11400 
cgctcgactg gttcttccgg cccgccgtcg tcctcgacct cagcgaccag ggcacgggcg 11460 
cggtcggcgc cgacgtgctg cggcgggaga tggaccggat cggccacact ccctcgccca 11520 
tggacatcgt cctgctcagg accggtgccg acgcgtgggc gggaaccccg aagtacttca 11580 
cggacttcac cgggctggac ggttcggccg tgcacctgct gctggacctg ggggtgcggg 11640 
tgatcggcac ggacgcgttc agcctggacg cgccgttcgg cgacatcatc acccgctacc 11700 
qggccacggg cgacccgtcg gtcctgtggc ccgcccatgt catcgggcgg gaccgggagt 11760 
actgccaggt cgagcggctc gccgggctcg accggctgcc cgccgcgcac gggttccggg 11820 
tcgcgtgctt cccggtgcgg atcgccggag cgggcgccgg ctggacgagg gcggtggccc 11880 
tggtcgacga gtgaggagcg cacggcgggc cgagcggacg acgcgcccac cggggcgccg 11940 
acggagggaa cagacatgta cggccgggaa ctcgcggacg tgtacgaggc catctaccgc 12000 
agccgcggca aggactgggg acaggaggcg gcggacgtct cgcggatcat caccgaacgg 12060 
cgtccgggag ccggctcgct gctcgacgtc gcctgtggca cgggcgccca tctgagcgtg 12120 
ttcagcacgc tgttcgaggt cgccgagggc ctggagatcg cggagccgat gcggcggctc 12180 
gccgagcagc ggctgcccgg caccaccgtg cacgccggcg acatgcgcga cttccggctc 12240 
ccgcgcacct acgacgcggt gagctgcatg ttctgcgcca tcggctatct ggagacgctg 12300 
gacgacatgc gggccgccgt ccggtcgatg gccgctcatc tggagcccgg cggcgtgctg 12360 
gtcgtcgaac cctggtggtt ccccgagaac ttcatcgagg gctatgtcgc gggtgacctg 12420 
gcccgcgagg agcaccggac catcgcccgg atctcgcaca ccacccggaa gggccgggcc 12480 
acccgcatgg aggttcgctt caccgtgggg gacgccgccg gcatccagca gttcacggag 12540 
atcgacgtgc tgaccctgtt caccagggac gaatacaccg ccgcgttcac cgacgccggc 12600 
tgttccgttg aattcctgga ggacggaccc accggccgcg gtcttttcgt cggtgttcgc 12660 
gaacagcgct gagccggagg aaggtcagcc cgagaattct cgggcgaccg ccatcacata 12720 
gcgaccgtaa ccggactgcg acatctgctc accgagtcgg tggcacatgt ccgcgtcgat 12780 
gaatcccatg cgcagcgcca cttcttcgac gcaggcgatg cgcacgccct gccgttcttc 12840 
gagcgtgcgc acgtactggg tggcctgaag cagcgattcc ggggttccgg cgtcgagcca 12 900 
ggcgaaaccg cggccgagat cgaccagacg cgctcggccg cgggccaggt aattccggtt 12 96 0 
cacatcggtg atctccagtt cgccgcgcgg cgagggccgg aggttcttcg cgatgtccac 13020 
cacttcgttg tcgtacagat agagcccggt gatggcgagg tcggaacgcg gccggagcgg 13 08 0 
cttctcctcc agggagacga gttgccccga cgcgtcggtc tcgcccacgc cgtagcgctc 13140 
cgggtcctcc acggggtagc cgaacagcac gcagccctgg acgtcgtgga cgttgctctg 13200 
gagcaggtcg tagaagtggt gtccgtggaa gatgttgtcc ccgaggacca gtgccacgtc 13260 
gtcgtcaccc acgtggtcgg cgccgatgac gaaggcgtcg gccagtccgg ccggccggtt 13320 
ctgcaccgcg tagtcgatgc gcaggccgag ctgggagccg tcgcccagga gccggcggaa 13380 
ctgttccaga tcgcgctcgg tgcagatgag caggatctcc ctgatgtccg ccagcatcag 13440 
caccgagagc ggatagtaga tcatcggctt gtcgccgacc ggaagaagct gttttgatac 13500 
ggagacggtt atcggatgga gccgtgttcc cgaaccgccg gcgagaataa tccccttcat 13560 
gggtatgccc ctgtcctcga tttcttctca tgctaacgac cggattcgct cggcagcaag 13620 
ccggaaaatt tctggtccag ggaaaatcga gcggtaatag agggaatttc ggggttgtgg 13680 
accggagcga gaatgtgatg tgctgcgagg ggatggtgac gccctgtggc acggcatcgg 1374 0 
cgtggcatcg gcaaggcatc ggcaagggga ggaaaagaat taatgacgac tctcgtctgg 13800 
gactacctac aggaatacga gaacgaacgc gccgacattc tggacgccgt ggagacggtc 13860 
ttcagctcgg gtcggctcgt cctcggtgac agcgttcgcg gattcgagga ggagttcgcc 13920 
gcgtaccacg gcgcggcgca ctgcgtcggt gtcgacaacg gcaccaacgc gatcaagctg 13 98 0 
gccctccagg cgctcggcgt cggccccggt gacgaggtcg tcacggtgtc caacaccgcg 14040 
gcccccacgg tcgtggccat cgattcggtg ggcgccaccc cggtgttcgt cgacgtccac 14100 
ccggacagct acctcatgga caccgagcag gtggaggccg cactcacgcc ccggacccga 1416 0 
tgcctgctgc cggtccatct ctacgggcag tgcgtcgacc tggctccgct ggagcggctc 1422 0 
gccgcggagc acgacctgtt cctcgtcgag gactgcgcac aggcccacgg tgcccgccgc 1428 0 
gccggccggc tcgccggcac caccggcgac gccgccgcct tctccttcta ccccacgaag 14340 
gtgctcggcg cctacggcga cggaggcgcc gtggtgacct cccgggacga cacccaccgc 14400 
gcgctgcgcc gactgcgcta ctacggcatg gaggagcggt actacgtcgt cggcaccccg 14460 
ggtcacaacg cccggctcga cgaggtccag gccgagatcc tgcggcgcaa gctgcgccgg 14520 
ctcgacacct acatcgaggg gcggcgggcc gtcgcccggc gctacgagga cgggctcggc 14580 
gacaccggcc tggtgctccc gcacaccgtc cccggcaacg agcacgtgta ctacgtctac 14640 
acggtgcgcc acccgcggcg cgacgacatc atcaaggccc tcaaggcgta cgacatcgag 14700 
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ctgaacatca gctatccctg gcccgtgcac accatgtccg ggttcgccca cctcggctac 14760 
ggcaagggct cgctgcccgt caccgaggac ctggccggcc agatct 14306 



<210> 15 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<222> Description of. Artificial Sequence: degenerated 
ol igofiucleot ide primer 

<400> 15 

csggsgssgc sggsttcats gg 



<210> 16 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: degenerated 
oligonucleotide primer 



<400> 16 

gggwrctggy rsggsccgta gttg 
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